Background
Repair of dural defects is an important component of many neurosurgeries [1] [2] [3] [4] [5] [6] . Appropriate repair of dura not only effectively protects the brain tissue, but also prevents leakage of cerebrospinal fluid, intracranial infections, epilepsy, brain swelling, and other complications. For patients undergoes decompressive craniectomy, tension-reduced duraplasty is usually required, which is often performed by suturing with autologous dura with fascia membrane, periosteum, or artificial dura mater to achieve complete repair of defects of dura mater [7] [8] [9] [10] [11] .
Along with the development of medical technology in recent years, synthetic medical glue is increasingly replacing the traditional suture method used by plastic surgeons in repair of dura mater tissue. Herein, we reported our experience of application of COMPONT glue for tension-reduced duraplasty in decompressive craniectomy, with satisfactory clinical outcomes.
Material and Methods

Subjects
A total of 56 patients were enrolled into the study from Jan 2013 to May 2015 at Beijing University of Chinese Medicine Neurosurgery East Hospital. The patients were 39 males and 17 females, aged 21 to 72 years. Among them, 21 had severe traumatic brain injury (subdural hematoma in 9 cases, 12 cases of epidural hematoma), 33 had hypertensive cerebral basal ganglion area hemorrhage, and 2 had acute massive cerebral infarction, both on the right side of the brain hemispheric infarction. Indications for surgery were adopted from the brain trauma surgery guideline published by the American Association of Neurological Surgeons, including: (1) traumatic brain injury and acute progressive disturbance of consciousness, and (2) cerebral contusion and hemorrhage, cerebral edema, brain swelling, or cerebral infarction-caused uncontrollable intracranial hypertension or pupil dilation with significant intra-cerebral space-occupying effect shown as midline shift or basal cistern compression on CT [12, 13] .
Materials
The artificial dura material was manufactured by Beijing Xintianfu Co., Ltd. The artificial dura mater was fixed with autologous dura by using the a-cyano-n-butylacrylate-based COMPONT adhesive glue made by Beijing Compont Medical Devices Co., Ltd.
Surgical procedures
All the 56 patients were operated on with standard large decompressive craniectomy by the same surgical team, with minor modifications [14] . In brief, the procedure consisted of the following sequential steps: (1) Making a frontotemporal incision by starting from 1 cm anterior to the tragus and above the zygomatic arch, going upward in the direction of vertical to the zygomatic arch, then extending upward postauricularly to the midline, ending forward along the midline to the forehead at the hairline. (2) Making a bone window by removing the bone flap with the top flap edge 2 to 3 cm from the midline, and the bottom of the bone window close to anterior and middle skull bases ( Figure 1A) . (3) Radially cutting dura, removing intracranial hematoma or necrotic brain tissue, and hemostasis. (4) Covering the brain tissue under the bone window with the artificial dura mater patches, using gelatin sponge patch to cover the artificial-autologous dura junctional edge, followed by evenly spraying the COMPONT medical glue to stick the glueatin sponge patch, the artificial dura and the autologous dura together ( Figure 1B ).
Follow up
Post-operative complications, including secondary intracranial hemorrhage, cerebrospinal fluid leakage, wound infection, and hematoma were monitored and recorded. In skull repair of 2 patients, dural healing was observed in the patients undergoing second phase cranioplasty. Regular post-operative CT was used to evaluate intra-cerebral healing.
Results
Among all the 56 surgical patients, 1 died within 72 h of the operation due to acute renal failure. Incisions healed normally in the other 55 patients without allergy to the artificial materials observed. Two patients died of multiple organ failure within 1 month of surgery. In the remaining 53 cases, head CT examination was done at 2 days, 1 week, 1 month, and three months after surgery, which revealed postoperative cerebral infarction in 2 cases, without radiographic abnormalities of the artificial dura mater patch ( Table 1 ). The secondphase skull repair was done in 32 patients at 3-6 months after the decompressive craniotomy. During the surgery, no adherence of the skin flap to the dura was noted, and complete healing was observed between the artificial dura mater and autologous dura, without local defects, residual medical adhesive glue, tissue swelling, or contracture present. Longterm follow-up of 38 patients for 6-9 months revealed 2 cases with epilepsy, and no cerebrospinal fluid leak, effusion, seroma, wound infection, epilepsy, or other complications were identified (Table 2) .
Discussion
Dura defects are common in neurosurgery. When cerebral herniation is formed due to severe brain tissue or brain swelling, as seen resulting from a variety of conditions (e.g., severe brain injury, cerebral hemorrhage, and acute cerebral infarction), the dura is often left open and unsutured for effective decompression in decompressive craniotomy. As the dura is a barrier blocking communication of intracranial and extracranial structures/ materials, dural defect can lead to a series of complications such as postoperative cerebrospinal fluid leakage, subcutaneous fluid accumulation, cerebral rebleeding, and intracranial infection, which in turn potentially deteriorates neurological damages and may adversely affect recovery and prognosis. These risks of complications necessitate duraplasty during decompressive craniotomy. Accumulating data have shown that tension-reduced duraplasty with artificial dura mater material can effectively reduce leakage of cerebrospinal fluid and occurrence of secondary seizure [15] [16] [17] [18] . Our data demonstrate that synthetic medical glue has a great advantage in tension-reduced duraplasty, with satisfactory results but minimal complications.
The medical glue used in the study was a highly pure a-cyanoacrylate compound with unique mesh structure that can firmly A B Figure 1 . Intraoperative application of the COMPONT glue. After the cranial bone window was created (A), the glue was applied to fix the dura (B). stick dural tissue together [19] [20] [21] . The carbon atom on the a position of the CNCH2CCOOR structure connects to highly electronegative-charged groups such as cyano group and ester groups, while the carbon atoms on the b position undergo rapid polymerization when in contact with very small amounts of water, amino group, weak base, alcohol, or anions. This process occurs fastest in living tissue, which usually results in a strong and instant bonding without any catalyst [22] [23] [24] [25] .
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The a-cyanoacrylate-containing medical glue has excellent adhesion ability, good permeability, and low risk of allergy [26, 27] . The heat generated during polymerization process is minimal and the material itself is sterile, with antibacterial effects [27] [28] [29] . Clinical data has proven its effectiveness, biosafety, and reliability [30] [31] [32] [33] [34] in its wide use as a binder, hemostatic agents, sealers, or embolic agents in various settings. Our experience with this material in duraplasty revealed that a-cyanoacrylate glue is an effective and safe surgical material for use in tension-reduced duraplasty in decompressive craniectomy. Due to its ease of use, application of the medical glue also shortened duration of surgery compared to that with conventional suturing method.
Conclusions
One of the trends in neurosurgery is using new technology and new materials to reduce incidence of postoperative complications and improve success of surgery. The COMPONT glue is one of the options to achieve these goals.
